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Description 

This invention relates to titanium dioxide 
pigments and to their preparation. 

Titanium dioxide pigments, particularly rutile 5 
titanium dioxide pigments, are valuable materials 
for use in pigmenting a wide variety of products, 
including paints, which in use are required to 
exhibit a high degree of so-called durability in 
withstanding degradation of the product by the . to 
action of light. There is a desire always for 
improvements in pigments and paint media to 
increase the durability and to extend the effective 
life of the products. 

FR — A — 2 177 059 (British Titan) discloses a rs 
process for the production of pigmentary titanium 
dioxide comprising forming an aqueous suspen- 
sion or slurry of particles of titanium dioxide 
containing , a water soluble silicate, adding a 
water-soluble hydrolysable acidic compound of 20 
zirconium, hafnium or titanium and an alkali 
and/or an alkali metal silicate, to maintain the pH 
of the suspension or slurry at a value of 1 to 3.5 
during the addition of the compound and thereby 
precipitating a hydrous oxide of silicon on the 25 
particles, and raising the pH of the suspension or 
slurry to effect complete precipitation of a 
hydrous oxide of zirconium, hafnium, or titanium 
on the particles. Optionally a further coating of a 
hydrous oxide of aluminium, titanium, cerium, 30 
zirconium, zinc or silicon can be applied. 

The pigment produced by this process has a 
first coating of a mixture of acid precipitated 
hydrous oxide of silicon and hydrous oxide or 
zirconium, hafnium or titanium, a second coating 35 
of a hydrops oxide of zirconium, hafnium or 
titanium, and an optional third coating of a 
hydrous oxide of aluminium, titanium, cerium, 
zirconium, zinc or silicon. 

A particular form of silica known as dense *o 
amorphous silica, which is produced by 
depositing the silica from an aqueous solution of 
a ^water-soluble at a pH greater than 8, is well 
known in the art. 

According to the present invention a titanium 46 
dioxide pigment of improved durability 
comprises a core of particulate pigmentary rutile 
titanium dioxide having thereon: 

an inner coating of dense amorphous silica in 
an amount of up to 12% by weight expressed as so 
Si0 2 on weight of Ti0 2 ; 

an intermediate coating of a hydrous oxide of 
zirconium in an amount of up to 5% by weight 
expressed as 2r0 2 on weight of Ti0 2 carried on 
the inner coating; and 55 

an outer coating containing a hydrous oxide of 
aluminium in an amount of up to 6% by weight 
expressed as Al 2 0 3 on weight of Ti0 2 carried on 
the intermediate coating. 

According to a second aspect of the present so 
invention, there is provided a process for the 
manufacture of a coated titanium dioxide 
pigment comprising: 

depositing on a core of particulate rutile 
titanium dioxide from an aqueous solution of a 65 
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water-soluble silicate at a pH greater than 8 an 
inner coating of a dense amorphous silica in an 
amount of up to 12% by weight wfien expressed 
as Si0 2 on weight of Ti0 2 ; treating the inner 
coating with a hydrous oxide of zirconium to form 
an intermediate coating on said inner coating in 
an amount of up to 5% by weight expressed as 
Zr0 2 on the weight of Ti0 2 ; and 

depositing hydrous alumina on said pigment 
after deposition on said hydrous oxide of 
zirconium in an amount of up to 6% by weight 
expressed as Al 2 0 3 on weight of TiO z from a 
water soluble aluminium compound. 

The present invention provides a pigment 
having an improved resistance to photochemical 
degradation i.e. a pigment having improved 
durability. The coating of the core of pigmentary 
rutile titanium dioxide with an inner coating of 
dense amorphous, then with an intermediate 
coating of a hydrous oxide of zirconium improves 
the durability of the pigment by a margin which 
will be unexpected to those skilled in the 
properties of titanium dioxide pigments. 

The provision of an outer coating of a hydrous 
oxide of aluminium has been found to be 
advantageous in improving the incorporation and 
pigmentary properties in paints in certain cases 
particularly when the amount of hydrous oxide of 
zirconium is low. 

The chosen core particles are formed by either 
the "sulphate" (in which the product has been 
calcined) or, preferably, by the "chloride" process 
for the manufacture of titanium dioxide pigments 
operated in such a way as to produce a product of 
pigmentary size in which the majority of the 
titanium dioxide in the rutile modification. 
Usually at least 95% by weight of the titanium 
dioxide is rutile and preferably at least 97% is of 
the rutile modification. The "chloride" process 
involves the vapour phase oxidation of a titanium 
halide to produce directly pigmentary titanium 
dioxide (often referred to as pyrogenic titanium 
dioxide). 

The core material obtained by the "chloride" or 
"sulphate" process usually will be in the form of a 
dry reactor discharge in the case of the "chloride" 
process or a dry calciner discharge in the case of 
the "sulphate" process. The core material can be 
milled, if desired, by, for example, fluid energy 
milling with steam prior to formation into an 
aqueous dispersion. 

Some core materials produced by the 
"chloride" process are self-dispersing on agita- 
tion with water whereas others are more easily 
dispersed by agitation in the presence of a 
dispersing agent as are "sulphate" produced core 
materials. Suitable dispersing agents are 
inorganic or organic compounds such as alkali 
metal silicates e.g. sodium silicate, phosphates 
such as the hexametaphosphates and amines 
such as monoisopropylamine. 

The aqueous dispersion or slurry of the core 
material can be milled prior to the deposition of 
the dense amorphous silica. The milling can be 
carried out by any suitable wet milling process 



2 



. t 

such as in a bead mill but it is preferred to mill the 
aqueous dispersion in a sand mill. Usually milling 
of the aqueous dispersion will only be carried out 
in those cases where ,the core material has not 
been milled previously but this need not 
necessarily be so. 
* The coating of dense amorphous silica is 

substantially non-porous and continuous over the 
particle. The coating of dense amorphous silica is 
formed from a solution of a soluble silicate 
maintained at an alkaline pH and preferably from 
a solution maintained at a pH greater than 8, most 
preferably at a pH of. from 9 to 11. 

The deposition of the dense silica results from 
the addition to an alkaline solution of the soluble 
silicate of a mineral acid such as sulphuric acid 
which hydrolyses the silicate in solution to 
hydrous dense amorphous silica. For instance a 
solution of a soluble silicate can be mixed with an 
alkaline slurry or dispersion of core particles of 
pigmentary titanium dioxide, to which acid is 
slowly added to deposit dense amorphous silica. 

Alternatively there can be added to a slurry or 
dispersion of core particles of titanium dioxide an 
alkaline solution of a watef;-sOluble silicate and 
simultaneously a mineral acid to maintain a pH of 
the slurry at a value greater than 8, say 9 to 10.5 to 
form and deposit the required dense silica 
coating. 

Generally the temperature of the slurry is 
maintained at from 60°Cto 100°C, preferably from 
70°C to 90°C during deposition of dense 
amorphous silica and the slurry will be stirred to 
maintain effective coating. 

Any suitable water soluble silicate can be used' 
as the source of dense amorphous silica although 
preferably an alkali metal silicate is employed. 
Particularly useful are sodium and potassium 
silicates. 

After coating of, the core material with the 
dense amorphous silica the coated core is then 
treated with a hydrous oxide of zirconium and 
usually this is carried out in an aqueous 
dispersion by adding to the dispersion a suitable 
water-soluble zirconium . compound which on 
reaction with an acid or alkali deposits the 
required hydrous zirconium oxide. Although for 
the purposes of this invention it is stated that the 
core material carries an intermediate coating of 
the hydrous oxide of zirconium on the inner 
coating of dense amorphous silica it is to be 
clearly understood that this includes those 
products in which the hydrous oxide of zirconium 
is associated with the coated core material and 
need not necessarily surround the whole of the 
inner coating. 

Typical acid zirconium compounds which may 
be employed in the invention are the mineral acid 
salts of zirconium such as the salts of sulphuric 
and nitric acids with zirconium sulphate being the 
most preferred source. Alternatively ammonium 
or alkali metal zirconium salts such as ammonium 
zirconium carbonate can be employed. 

The outer coating of a hydrous oxide of 
aluminium is provided on the intermediate 
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coating of the hydrous oxide zirconium. It is to be 
understood that while an outer coating of the 
hydrous oxide of aluminium is referred to this 
hydrous oxide need not necessarily be in the form 

5 of a coating and includes the case where the 
hydrous oxide is associated with the pigment. 

The hydrous oxide of aluminium is deposited 
from any suitable water-soluble source such as 
the acidic aluminium salts of mineral acids, e.g. 

w aluminium sulphate and aluminium nitrate or 
♦ from an alkali metal aluminate such as sodium 
aluminate. 

Usually deposition from an acid aluminium 
compound is effected in alkaline media e.g. by 

is adding an alkali to an aqueous suspension 
pontaining . the aluminium compound , but if 
desired the aluminium compound and an* alkali 
can be added simultaneously to the suspension to 
be treated. Acidification of an alkaline aluminium 

20 compound will deposit the hydrous oxide of 
aluminium and in this procedure simultaneous 
addition of an alkaline aluminium compound and 
a mineral acid such as sulphuric acid can be 
employed. 

25 . ' The amount of dense amorphous silica is up to 
12% by weight of Ti0 2 and usually will be at least 
2% by weight when expressed as Si0 2 . Most 
preferred are pigments containing dense 
amorphous silica in amounts of from 4% to 8% by 

30 weight as Si0 2 on Ti0 2 . 

The pigment of the present invention is 
provided with an intermediate coating of a 
hydrous oxide of zirconium in an amount of up to 
5% by weight as Zr0 2 on Ti0 2 . Usually the 

35 minimum amount of hydrous oxide of zirconium 
is 0.5% by weight as Zr0 2 on Ti0 2 and particular 
advantageous amounts of the hydrous oxide are 
1% to 4% by weight as Zr0 2 on Ti0 2 . 
The outer coating of hydrous alumina can be 

40 present in an amount of up to 6% by weight as 
Al 2 0 3 on Ti0 2 with preferably 1% to 3% 
(expressed as Al 2 0 3 on Ti0 2 ) of hydrous alumina 
being present 
The amounts of the various reagents usable to 

45 produce the pigments of the present invention 
will be readily ascertainable by those skilled in the 
coating of pigments as also will the concentra- 
tions of the various solutions employed. 
After the completion of the coating process the 

so product can be filtered, washed and dried. If 
desired the product can be milled in a fluid energy 
mill prior to packing for sale. Alternatively the 
product can be sold as a highly concentrated 
slurry or paste. 

55 The product of the invention can be used to 
pigment a wide variety of materials, particularly 
those to be exposed to possible photo- 
degradation. Paints incorporating the pigments 
exhibit much improved durability as compared 

60 with those incorporating pigments coated with 
dense silica without a coating of an oxide or 
hydrous oxide of zirconia and also when 
compared with those incorporating pigments 
coated with an oxide or hydrous oxide of zirconia 

65 and free of dense silica. 
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The following Examples illustrate the invention. 
Example 1 

Rutile titanium dioxide reactor discharge 
obtained from the vapour phase oxidation of 
titanium tetrachloride in the presence of a small 
amount of aluminium chloride (2% by weight as 
Al 2 0 3 in reactor discharge) was agitated with 
water to produce an aqueous dispersion 
containing 400 grams per litre of pigment. The 
dispersion, was sieved to remove particles greater 
than 45 jim in size. 

A portion of the dispersion containing 1200 
grams of pigment was diluted to 220 grams per 
litre pigment and the temperature raised to 70°C. 
The pH of the dispersion was 3.7. 

A quantity (25 mis) of aqueous sodium 
hydroxide solution containing 110 grams per litre 
NaOH was then added to the aqueous dispersion 
to raise the pH to a value of 9.4. 

To the stirred aqueous dispersion there was 
then added aqueous sodium silicate solution (318 
mis) containing the equivalent of 166 grams per 
litre Si0 2 simultaneously with 10% v/v sulphuric 
acid in an amount of 110 mis. The simultaneous 
addition was completed over a period of 90 
minutes and the pH maintained at the value of 9.4 
during this time. The aqueous dispersion was 
then stirred for a further 30 minutes while main- 
taining at 70°C. 

Heating of the stirred aqueous dispersion was 
then ceased and a quantity (20 mis) of the 
sulphuric acid added to reduce the pH to 7.5 over 
a period of 30 minutes. 

The aqueous dispersion was then cooled to 
50°C and an aqueous solution of zirconium ortho- 
sulphate containing the equivalent of 286 grams 
per litre Zr0 2 was added to reduce the pH to a 
value of 5.0 it and the addition continued simul- 
taneously with a further quantity (145 mis) of the 
aqueous sodium hydroxide solution to the stirred 
aqueous dispersion to maintain the pH of the 
dispersion at a value of 5 during the simultaneous 
addition. The total amount of zirconium ortho- 
sulphate solution added was 46 mis over a total 
time of 15 minutes. The stirring was continued for 
a further 10 minutes after completion of the 
addition. 

To the stirred aqueous dispersion there was 
then added an alkaline solution of sodium 
aluminate containing the equivalent of 89.3 
grams per litre Al 2 0 3 and 218 grams per litre 
NaOH until the pH reached 10 to 10.5 and then 
simultaneously with a further quantity of the 
sulphuric acid (345 mis) to maintain this pH. After 
the addition and stirring for a further 45 minutes 
the pH was found to be 10.7. The total amount of 
sodium aluminate solution added was 296 mis in 
a total time of 20 minutes. 

The pH of the stirred aqueous dispersion was 
then adjusted to 6.5 over a period of 30 minutes 
by adding a further quantity (75 mis) of the 
sulphuric acid. Mixing was continued for 30 
minutes after adding the acid. 

The aqueous dispersion was then filtered to 
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obtain the treated pigment which was then 
washed, treated with trimethylol propane (0.4% 
by weight on uncoated pigment weight) and dried 
prior to double milling in a fluid energy mill. 
5 The pigment obtained on analysis contained 
silica in an amount of 3.85% by weight expressed 
as Si0 2 , 1.08% by weight of Zr0 2 and 4.68% by 
weight of Al 2 0 3 all based on the weight of finished 
pigment 

10 

Example 2 

The experiment described in Example 1 was 
repeated up to and including the addition of the 
10% v/v sulphuric acid to reduce the pH to a value 
15 of 7.5 and cooling of the aqueous dispersion to 
50°C. 

To the stirred aqueous dispersion of the 
pigments which had been treated with the dense 
amoprhous silica there was added a solution 

20 prepared by mixing a solution of zirconium 
orthosulphate containing the equivalent of 286 
grams per litre Zr0 2 in an amount of 46 mis and a 
solution of aluminium sulphate containing the 
equivalent of 93.7 grams per litre Al 2 0 3 in ah 

25 amount of 282 mis. The addition was made over a 
period of 30 minutes and after this had been 
completed stirring was continued for a further 30 
minutes when the pH of the dispersion was 1.9. 
A solution (190 mis) of 400 grams per litre 

30 NaOH was then added to the stirred dispersion to 
raise the pH to a value of 6.5 over a period of 30 
minutes. Stirring was continued for a further 30 
minutes after the pH had attained the value of 6.5. 
The treated pigmentary titanium dioxide was 

35 filtered, washed, treated with trimethylol propane 
(0.4% by weight on uncoated pigment) and dried 
prior to double milling in a fluid energy mill. The 
treated pigment obtained on analysis contained 
silica in an amount of 3.88% by weight Si0 2/ 

40 zirconia in an amount of 0.99% by weight as Zr0 2 
and alumina 4.44% by weight as Al 2 0 3 based on 
weight of finished pigment. 

Example 3 

45 A portion of an aqueous dispersion containing 
1 200 grams of a rutile titanium dioxide pigment at 
a concentration "of 220 grams per litre was 
prepared as described in Example 1.' 
The aqueous dispersion was heated to 70°C and 

so the pH adjusted to 9.4 by the addition of 30 mis of 
110 grams per litre sodium hydroxide solution. 

To the stirred solution there was then added 
aqueous sodium silicate solution as described in 
Example 1 in an amount of 318 mis simul- 

55 taneously with a further quantity of 115 mis of the 
10% v/v sulphuric acid over a period of 90 
minutes. The pH was maintained at a value of 9.4 
during this stage and after addition of the 
reagents had been completed the dispersion was 

bo stirred for a further 30 minutes. 

Heating of the dispersion ceased and 25 mis of 
the sulphuric acid added over a period of 30 
minutes to the stirred dispersion to reduce the pH 
to a value of 7.5. 

65 The dispersion was cooled to 50°C and sodium 
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aluminate solution containing the equivalent of 
89.3 grams per litre Al 2 0 3 and 218 grams per litre 
NaOH was added to raise the pH to a value of 
from 10—10.5 and then simultaneously with 345 
mis of the 10% v/v sulphuric acid to maintain the s 
pH at a value of 10 to 10.5." The total amount of 
sodium aluminate solution added was 286 mis 
over a total time of 20 minutes. After the additions 
had been completed the dispersion was stirred 
for a further 45 minutes when the pH was 10.6 to 
prior to the addition of 85 mis of 10% v/v 
sulphuric acid to reduce the pH to a value of 6.5 
over a period of- 30 minutes. The dispersion was 
stirred for a further 30 minutes after adding the 
acid. ' 15 

The treated pigment was then filtered, washed, 
treated with trimethylol propane (0.4% on weight 
of uncoated pigment) and dried prior to double 
milling on a fluid energy mill. 

The treated pigment on analysis contained 20 
silica in an amount of 3.85% by, weight expressed 
as Si0 2 , and alumina in an amount of 4.52% by 
weight as Al 2 0 3 on the weight of finished 
pigment. 

This pigment was a conftor pigment. ,25 

The pigments produced in the preceding 
examples were tested to determine the durability 
ratio of paint incorporating the pigment. 

The durability ratio was measured by exposing 
a sample of an acrylic/melamine formaldehyde 30 
stoving paint in a weatherometer and determing 
the weight loss at specified time intervals. A 
standard pigment incorporated in a similar paint 
was similarly exposed and the weight loss of the 
standard paint determined at the specified time • 35 
intervals. The weight losses of the paint under 
test at the various specified intervals were plotted 
against those of the standard paint and the best 
straight line drawn. Tfie slope of the line 
(durability ratio) was then determined. *o 

The standard pigment used in the standard 
paint to determine the durability ratio was 
selected from commercially available pigments 
and was one which was considered to have a high 
durability and acceptable performance in many *s 
applications. The pigment was a rutire titanium 
dioxide prepared by the sulphate process which 
had been coated with a hydrous oxide of silica in 
an amount of 1.3% by weight as Si0 2/ a hydrous 
oxide of alumina in an amount of 2% by weight as so 
Al 2 0 3 and a hydrous oxide of titanium in an 
amount of 1 .5% as Ti0 2 on the weight of pigment. 

The results of the measurements are shown in 
the following Table. 

55 

TABLE 1 

Pigment of Example No. Durability ratio 



1 0.41 

60 

2 0.35 

3 0.75 

The above results show that the pigments S5 
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prepared according to the present invention 
(Example 1 and Example 2) are superior to the 
pigment used as a control., 

Example 4 

Rutile titanium dioxide reactor discharge was 
obtained from the vapour phase oxidation of 
titanium tetrachloride in the presence of a small 
amount of aluminium chloride (1.4% by weight as 
Al 2 0 3 in reactor discharge). Reactor discharge 
(2200 g) was added to a water/sodium hexameta- 
phosphate/NaOH (110 gpl) mixture which 
contained sufficient components to achieve final 
slurry pH 9—11, pigment concentration 700 gpl 
and 0.1% P 2 0 6 by weight on reactor discharge. 
Dispersion was sandmilled with 5140 ml Ottawa 
sand at 2000 rpm for 60 minutes. Sand' was 
removed from sandmilled slurry using a metal 
gauge. Sand-free slurry was then filtered to 
remove any particules greater than 45 urn in size. , 

A portion of the dispersion containing .1000 
grams of pigment was diluted to 220 grams per 
litre pigment and the temperature raised to 70°C. 
The pH of the dispersion was adjusted to 9.4 by 
alkali addition. 

To the stirred aqueous dispersion there was 
then added aqueous sodium silicate solution (140 
mis) containing the equivalent of 143 grams per 
litre Si0 2 simultaneously with the 10% v/v 
sulphuric acid in an amount of 30 mis. The 
simultaneous addition was completed over a 
period of 45 minutes and the pH maintained at the 
value of 9.4 during this time. The aqueous 
dispersion was then stirred for a further 30 
minutes while maintaining at 70°C. 

Heating of the stirred aqueous dispersion was 
then ceased and a quantity of the sulphuric acid 
added to reduce the pH to 7.5 over a period of 30 
minutes. 

The aqueous dispersion was then cooled to 
50°C and an aqueous solution of zirconium ortho- 
sulphate containing the equivalent of 268 grams 
per litre Zr0 2 was added to reduce the pH to a 
value of 5.0 and the addition continued simul- 
taneously with a further quantity (120 mis) of the 
aqueous sodium hydroxide solution to the stirred 
aqueous dispersion to maintain the pH of the 
dispersion at a value of 5 during the simultaneous 
addition. The total amount of zirconium ortho- 
sulphate solution added was 41 mis over a total 
time of 15 minutes. The stirring was continued for 
a further 10 minutes after completion of the 
addition. 

To the stirred aqueous dispersion there was 
then added an alkaline solution of sodium 
aluminate containing the equivalent of 93.5 
grams per litre Al 2 0 3 and 225 grams per litre 
NaOH until the pH reached 10 to 10.5 and then 
simultaneously with a further quantity of the 
sulphuric acid to maintain this pH. After the 
addition and stirring for a further 45 minutes the 
pH was found to be 10.2. The total amount of 
sodium aluminate solution added was 235 mis in 
a total time of 20 minutes. 
The pH of the stirred aqueous dispersion was 
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then adjusted to 6.5 over a period of 30 minutes 
by adding a further quantity of the sulphuric acid. 
Mixing was continued for 30 minutes after adding 
the acid. 

The aqueous dispersion was then filtered to 
obtain the treated pigment which was then 
washed, treated with trimethyloi propane (0.4% 
by weight on uncdated pigment weight) and dried 
prior to double milling in a fluid energy mill. 

The pigment obtained on analysis contained 
silica in an.amount of 1.98% by weight expressed 
as Si0 2 , 1.06% by weight of Zr0 2 and 3.45 by 
weight of Al 2 0 3 all based on the weight of finished 
pigment. 

. Example 5 

The experiment described in Example 4 was 
repeated except that to the stirred aqueous 
dispersion' having a pH of 9.4 there was then 
added aqueous sodium silicate solution (420 mis) 
containing the equivalent of 143 grams per litre 
Si0 2 simultaneously with 10% v/v sulphuric acid 
in an amount of 140 mis. The simultaneous 
addition was completed over a period of 90 
minutes and the pH maintained at the value of 9.4 
during this timel The aqueous dispersion was 
then stirred for a further 30 minutes while main- 
taining at 70°C. 

Further treatment as described in Example 4 
was carried out and the pigment obtained on 
analysis contained silica in an amount of 5.50% 
by weight expressed as Si0 2 , 0.98% by weight of 
Zr0 2 and 3.23% by weight Al 2 0 3 all based on the 
weight of finished pigment. 

Example 6 

The experiment described in Example 4 was 
repeated except that to the stirred aqueous 
dispersion having a pH of 9.4 there was then 
added aqueous sodium silicate solution (560 mis) 
containing the equivalent of 143 grams per litre 
Si0 2 simultaneously with 10% v/v sulphuric acid 
in an amount of 185 mis. The simultaneous 
addition was completed over a period of 120 
minutes and the pH maintained at the value of 9.4 
during this time. The aqueous dispersion was 
then stirred for a further 30 minutes while main- 
taining at 70°C. 

The further process stages were repeated to 
produce a pigment which on analysis contained 
silica in an amount of 7.30% by weight expressed 
as Si0 2 , 0.92% by weight of Zr0 2 and 3.14% by 
weight of Al 2 0 3 all based on the weight of finished 
pigment. 

Example 7 

The experiment described in Example 4 was 
repeated except that to the stirred aqueous 
dispersion having a pH of 9.4 there was then 
added aqueous sodium silicate solution (308 mis) 
containing the equivalent of 143 grams per litre 
Si0 2 simultaneously with 10% v/v sulphuric acid 
in an amount of 100 mis. The simultaneous 
addition was completed over a period of 90 
minutes and the pH maintained at the value of 9.4 
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during this time. The aqueous dispersion was 
then stirred for a further 30 minutes while main- 
taining at 70°C. 
Heating of the stirred aqueous dispersion was 
5 then ceased and a quantity (14 mis) of the 
sulphuric acid added to reduce the pH to 7.5 over 
a period of 30 minutes. 

The aqueous dispersion was then cooled to 
50°C and an aqueous solution of zirconium ortho- 
w sulphate containing the equivalent of 268 grams 
per litre Zr0 2 was added to reduce the pH to a 
value of 5.0 and the addition continued simul- 
taneously with a further quantity (12 mis) of the 
aqueous sodium hydroxide solution to the stirred 

'15 aqueous dispersion to maintain the pH of the 
dispersion at a value of 5 during the simultaneous 
addition. The total amount of zirconium ortho- 
sulphate solution added was 7.5 mis over a total 
time of 10 minutes. The stirring was continued for 

20 a further 10 minutes after completion of the 
addition. 

To the stirred aqueous dispersion there was 
then added an alkaline solution of sodium 
aiuminate containing the equivalent of 93.5 
25 grams per litre Al 2 0 3 and 225 grams per litre 
NaOH until, the pH reached 10 to 10.5 and then 
simultaneously with a further quantity of the 
sulphuric acid (285 mis) to maintain this pH. After 
the addition and stirring for a further 45 minutes 
30 the pH was found to be 10.6. The total amount of 
sodium aiuminate solution added was 235 mis in 
a total time of 20 minutes. 

The pH of the stirred aqueous dispersion was 
then adjusted to 6.5 over a period of 30 minutes 
35 by adding a further quantity (48 mis) of the 
sulphuric acid. Mixing was continued for 30 
minutes after adding the acid. 

The aqueous dispersion was then filtered to 
obtain the treated pigment which was then 
40 washed, treated with trimethyloi propane (0.4% 
by weight on uncoated pigment weight) and dried 
prior to double milling in a fluid energy mill. 

The pigment obtained on analysis, contained 
silica in an amount of 4.20% by weight expressed 
45 as Si0 2 , 0.20% by weight of Zr0 2 and 3.41% by 
weight of Al 2 0 3 all based on the weight of finished 
pigment. . 

Example 8 

so The experiment described in Example 4 was 
repeated and to the stirred aqueous dispersion 
having a pH of 9.4 there was then added aqueous 
sodium silicate solution (308 mis) containing the 
equivalent of 143 grams per litre Si0 2 simul- 

55 taneously with 10% v/v sulphuric acid in an 
amount of 100 mis. The simultaneous addition 
was completed over a period of 90 minutes and 
the pH maintained at the value of 9.4 during this 
time. The aqueous dispersion was then stirred for 

so a further 30 minutes while maintaining at 70°C. 
Heating of the stirred aqueous dispersion was 
then ceased and a quantity (10 mis) of the 
dispersion was then ceased and a quantity (10 
mis) of the sulphuric acid added to reduce the pH 

65 to 7.5 over a period of 30 minutes. 
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The aqueous dispersion was then cooled to 
50°C and an aqueous solution of zirconium 
orthsulphate containing the equivalent of 268 
grams per litre Zr0 2 was added to reduce the pH 
to a value of 5.0 and the addition continued 
simultaneously with a further quantity (210 mis) 
of the aqueous sodium hydroxide solution to the 
stirred aqueous dispersion to maintain the pH of 
the dispersion at a value of 5 during the simul- 
taneous addition. The total amount of zirconium 
orthosulphate solution added was 75 mis over a 
total time of 20 minutes. The stirring was 
continued for a further 10 minutes after comple- 
tion of the addition. 

To the stirred aqueous dispersion there was 
then added an alkaline solution- of sodium 
aluminate containing the equivalent of 93.5 
grams per litre Al 2 0 3 and 225 grams per litre 
NaOH until the pH reached 10 to 10.5 and then 
simultaneously with a further quantity of the 
sulphuric acid (260 mis) to maintain this pH. After 
the addition, the slurry was stirred for a further 45 
minutes. The total amount of sodium aluminate 
solution added was 235 mis in a total time of 20 
minutes. > • » 

The pH of the stirred aqueous dispersion was 
then adjusted to 6.5 over a period of 30 minutes 
by adding a further quantity (60 mis) of the 
sulphuric acid. Mixing was continued for 30 
minutes after adding the acid. 

The aqueous dispersion was then filtered to 
obtain the treated pigment which was then 
washed, treated with trimethylol propane (0.4% 
by weight on uncoated pigment weight) and dried 
prior to double milling in a fluid energy mill. 

The pigment obtained on analysis contained 
silica in an amount of 4.46% by weight expressed 
as Si0 2 , 1.73% by weight or Zr0 2 and 3.23% by 
weight of Al 2 0 3 all basqd on the weight of finished 
pigment 

Example 9 

The experiment described in Example 4 was 
repeated and to the stirred aqueous dispersion 
having a pH of 9.4 there was then added aqueous 
sodium silicate solution (308 mis) containing the 
equivalent of 143 grams per litre Si0 2 simul- 
taneously with 10% v/v sulphuric acid in an 
amount of 100 mis. The simultaneous addition 
was completed over a period of 90 minutes and 
the pH maintained at the value of 9.4 during this 
time. The aqueous dispersion was then stirred for 
a further 30 minutes while maintaining at 70°C. 

Heating of the stirred aqueous dispersion was . 
then ceased and a quantity (10 mis) of the 
sulphuric acid added to reduce the pH to 7.5 over 
a period of 30 minutes. 

The aqueous dispersion was then cooled to 
50 C C and an aqueous solution of zirconium ortho- 
sulphate containing the equivalent of 268 grams 
per litre Zr0 2 was added to reduce the pH to a 
value of 5.0 and the addition continued simul- 
taneously with a further quantity (100 mis) of the 
aqueous sodium hydroxide solution to the stirred 
aqueous dispersion to maintain the pH of the 



dispersion at a value of 5 during the simultaneous 
addition. The total amount of zirconium 
orthosulphate solution added was 41 mis over a 
total time of 20 minutes. The stirring was con- 

5 tinuedfor a further 10 minutes after completion of 
the addition. 

To the stirred aqueous dispersion there was 
then added an alkaline solution of sodium 
aluminate containing the equivalent of 93.5 

jo grams per litre Al 2 0 3 and 225 grams per litre 
• NaOH until the pH reached 10 to 10.5 and then 
simultaneously with a further quantity of the 
sulphuric acid (250 mis) to maintain this pH. After 
the addition, the slurry was stirred for a further 45 

is minutes. The total amount of sodium aluminate 
solution added was 320 mis in a total time pf 20 
minutes. 

The pH of the stirred aqueous dispersion was 

then adjusted to 6.5 over a period of 30 minutes 
20 by adding a further quantity (60 mis) of the 

sulphuric acid. Mixing was continued for 30 

minutes after adding the acid. 
The aqueous dispersion was then filtered to 

obtain the treated pigment ' which was then 
25 washed, treated with trimethylol propane (0.4% 

by weight on uncoated pigment weight) and dried 

prior to double milling in a fluid energy mill. 
The/ pigment obtained on analysis contained 

silica in an amount of 3.87% by weight expressed 
30 as Si0 2 , 0.96% by weight of Zr0 2 and 3.10% by 

weight of Al 2 0 3 all based on the weight of finished 

pigment. 

Example 10 

35 The experiment described in Example 1 was 
repeated up to and including the addition of the 
10% v/v sulphuric acid to reduce the pH to a value 
of 7.5 and cooling of the aqueous dispersion to 
50°C. 

40 To the stirred aqueous dispersion of the 
pigment which had been treated with the dense 
amorphous silica there was added a solution of 
zirconium nitrate containing the equivalent of 
20% by weight of Zr0 2 in an amount of 55 g. The 

45 addition was made over a period of 15 minutes 
and after this had been completed stirring was 
continued for a further 10 minutes when pH of the 
dispersion was 2.2. A solution of aluminium, 
sulphate containing the equivalent of 90.0 grams 

so per litre Al 2 0 3 and 255 grams per litre H 2 S0 4 was 
then added over a period of 20 minutes. After this 
had been completed, stirring was continued for a 
further 1 0 minutes when pH of the dispersion was 
1.5. 

55 A solution (145 mis) of 400 grams per litre 
NaOH was then added to the stirred dispersion to 
raise the pH to a value of 6.5 over a period of 30 
minutes. Stirring was continued for a further 30 
minutes after the pH had attained the value of 6.5. 

60 The treated pigmentary titanium dioxide was 
filtered, washed, treated with trimethylol propane 
(0.4% by weight on uncoated pigment) and dried 
prior to double milling in a fluid energy mill. 
The treated pigment obtained on analysis 

65 contained silica in an amount of 4.19% by weight 
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Si0 2( zirconia in an amount of 0.91 % by weight as 
Zr0 2 and alumina 3.26% by weight as Al 2 0 3 based 
on weight of finished pigment. 

Example 11 s 

The experiment described in Example 4 was 
repeated and to the stirred solution there was 
then added aqueous sodium silicate solution as 
described in Example 1 in an amount of 308 mis 
simultaneously with a further quantity of 95 mis ' w 
of the 10%' v/v sulphuric acid over a period of 90 
minutes. The pH was maintained at a value of 9.5 
during 1 this stage and after addition of the 
reagents had been completed the dispersion was 
stirred for a further 30 minutes. is 

Heating of the dispersion ceased and 15 mis of 
the sulphuric acid added over a period of 30 
minutes to the stirred dispersion to reduce the pH 
to a value* of 7.5. 

The dispersion was cooled to 50°C and sodium 20 
aluminate solution containing the equivalent of 
93.5 grams per litre Al 2 0 3 and 225 grams per litre 
NaOH was added to raise the pH to a value of 
from 10—10.5 and then simultaneously with 290 
mis of the 10% v/v sulphuric acid to maintain the 25 
pH at a value of 10 to 10.5. The total amount of 
sodium aluminate solution added was 235 mis 
over a total time of 20 minutes. After the additions 
had been completed the dispersion was stirred 
for a further 45 minutes when the pH was 10.4 30 
prior to the addition of 10% v/v sulphuric acid to 
reduce the pH to a value of 6.5 over a period of 30 
minutes. The dispersion was stirred for a further 
30 minutes after adding the acid. 

The treated pigment was then filtered, washed, 35 
treated with trimethylol propane (0.4% on weight 
of uncoated pigment) and dried prior to double 
milling on a fluid energy mill. 

The treated pigment on analysis contained 
silica in an amount of 4.31 % by weight expressed 40 
as Si0 2 , and alumina in an amount of 3.42% by 
weight as Al 2 0 3 on the weight of finished 
pigment. 

This pigment was a control pigment for the 
Examples 4 to 10. 4 & 

The pigments produced in Examples 4 to 11 
were tested, as described previously to determine 
the durability ratio of paint incorporating the 
pigment. 

The results of the measurements are shown in 50 
the following Table 2. 
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TABLE 2 

Durability 

Pigment of Example No. ratio 

4 0.46 

5 0.33 

6 0.25 

7 0.46 

8 0.29 

9 0.27 

10 0.44 

11 0.86 

These results show quite conclusively the 
substantially improved durability of pigments of 
the present invention. 

Claims 

1. Titanium dioxide pigment comprising a core 
o.f particulate pigmentary rutile titanium dioxide 
having thereon: 

an inner coating of dense amorphous silica in 
an amount of up to 12% by weight expressed as 
Si0 2 on weight of TiO z 

an intermediate coating of a hydrous oxide of 
zirconium in an amount of up to 5% by weight 
expressed as Zr0 2 on the weight of Ti0 2 carried 
on said inner coating; and an outer coating 
containing a hydrous oxide of aluminium in an 
amount of up to 6% expressed as Al 2 0 3 on weight 
of Ti0 2 carried on said intermediate coating. 

2. Titanium dioxide pigment according to claim 
1 characterised in that the amount of said hydrous 
oxide of zirconium is at least 0.5% by weight 
expressed as Zr0 2 on weight of Ti0 2 and pre- 
ferably is from 1 % to 4% by weight of the weight 
of Ti0 2 . 

3. Titanium dioxide pigment according to claim 
1 or 2 characterised in that the dense amorphous 
silica is present in an amount of at least 25% by 
weight and preferably from 4% to 8% by weight 
when expressed as Si0 2 on weight of Ti0 2 . 
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4. Titanium dioxide pigment according to claim 
1, 2 or 3 characterised in that the outer coating of 
hydrous alumina is present in an amount of from 
1% to 3% expressed as Al 2 0 3 on weight of Ti0 2 . 

5. A process for the manufacture of a coated s 
titanium dioxide pigment comprising: 

depositing on a core of particulate rutile 
titanium dioxide from an aqueous solution of a 
water-soluble silicate at a pH greater than 8 an 
inner coating of a dense amorphous silica in an '0 
amount of up to 12% by weight when expressed 
as Si0 2 on weight of Ti0 2 ; 

treating the inner coating with a hydrous oxide 
of zirconium to form an intermediate coating on 
said inner coating in an amount of up to 5% by is 
weight expressed as Zr0 2 on the weight of Ti0 2 ; 
and 

depositing hydrous alumina on said pigment 
after deposition of said hydrous oxide of 
zirconium in an amount of up to' 6% by weight 2p 
expressed as Al 2 0 3 on weighf of Ti0 2 from a 
water soluble aluminium compound. 

6. A process according to claim 5 characterised 
in that the core material is milled prior to coating 

with the dense amorphous, ^iKca. ,25 

7. A process according to claim 5 or 6 charac- 
terised in that the temperature is maintained at a 
value of from 60°C to 90°C and the pH at the value 
of from 9 to 10.5 during deposition of said dense 
amorphous silica. 30 

Revendications 

1 . Pigment au dioxyde de titane, comprenant un 
noyau de dioxyde de titane pigmentaire par- • 35 
ticulaire, de type rutile, comportant: 

un revetement interne de silice amorphe dense, 
en une quantite pouvant alier jusqu'a un 
maximum de 12% en poids, exprimee en Si0 2 par 
rapport au poids de H0 2 , *o 

un revetement inter,rrtediaire d'un oxyde 
hydrate de zirconium, en une quantite pouvant 
alter jusqu'a un maximum de 5% en poids, 
exprimee en Zr0 2 par rapport au poids de Ti0 2 
porte sur ledit revetement interne; et , 4 & 

un revetement externe contenant un oxyde 
hydrate de I'aluminium, en une quantity pouvant 
aller jusqu'a un maximum de 6%, exprimee en 
Ai 2 0 3 par rapport au poids de Ti0 2 porte sur ce 
revetement intermediate. 50 

2. Pigment au dioxyde au dioxyde de titane 
selon la revendication 1, caracterise en ce que la 
quantite dudit oxyde hydrate de zirconium 
represente au moins 0,5% en poids exprimee en 

Zr0 2 par rapport au poids de Ti0 2 et est de 55 
preference de 1% a 4% en poids par rapport au 
poids de Ti0 2 . 

3. Pigment au dioxyde de titane selon la 
revendication 1 ou 2, caracterise en ce que la 

silice amorphe dense est presente en une 60 
quantite d'au moins 2% en poids, et de 
preference de 4% a 8% en poids quand elle est 
exprimee en Si0 2 par rapport au poids de Ti0 2 . 

4. Pigment au dioxyde de titane selon Tune 
quelconque des revendications 1, 2 ou 3 carac- 65 
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terise en ce que le revetement externe d'alumine 
hydratee est pr6sent en une quantite de 1% a 3%, 
exprimee en Al 2 0 3 par rappprt au poids de Ti0 2 . 

5. Proc6d6 pour la fabication d'un pigment au 
dioxyde de titane revetu, comprenant: 

le depdt, sur un noyau de dioxyde de titane 
particulate de type rutile, b partir d'une solution 
aqueuse d'un silicate hydrosoluble, S un pH 
supe>ieur a 8, d'un revetement interne en une 
silice amorphe dense en une quantite pouvant 
ailer jusqu'a un maximum de 12% en poids, 
quand elle est exprimee en Si0 2 par rapport au 
poids de Ti0 2 , 

le traitement du rev§tement interne par un 
oxyde hydrate de zirconium, pour former sur ce 
revetement interne un revetement intermediate, 
present- en' une quantiite pouvant aller jusqu'a un 
maximum de 5% en poids, exprimee en Zr0 2 par 
rapport au poids de Ti0 2 ; et 

apres le depot dudit oxyde hydrate de . 
zirconium, le d£pdt, sur ledit pigment, d'une 
alumine hydratee, ptesente en une quantite 
pouvant aller jusqu'a un maximum de 6% en 
poids, exprimee en Al 2 0 3 par rapport au poids de 
TI0 2 , a partir d'un compost hydrosoluble de 
I'aluminium. 

6. Procede selon la revendication 5, caracterise 
en ce que la matiere du noyau est broy6e avant 
revetement par la silice amorphe dense. 

7. Procede selon la revendication 5 ou 6, 
caracterise\ en ce que la temperature est main- 
tenue a une valeur de 60°C a 90°C et le pH a une 
valeur de 9 a 10,5 durant le d£pot de ladite silice 
amorphe dense. 

Patentanspruche 

1. Titandioxidpigment umfassend einen Kern 
von teilchenformigem Rutii-Titandioxidpigment, 
worauf sich befinden: 

eine innere Schicht von dichtem amorphem 
Silika in einer Menge von bis zu 12 Gew.-% 
ausgedruckt als Si0 2 bezogen auf Gewicht an 
Ti0 2 , 

eine zwischenliegende Schicht eines wasser- 
haltigen Oxids von Zirkon in einer Menge von bis 
zu 5 Gew.-% ausgedruckt als Zr0 2 bezogen auf 
Gewicht an Ti0 2 der inneren Schicht, und 

eine aufcere Schicht enthaltend ein wasser- 
haltiges Oxid von Aluminium in einer Menge von 
bis zu 6% ausgedruckt als Al 2 0 3 bezogen auf das 
Gewicht von Ti0 2 in der zwischenliegenden 
Schicht. 

2. Titandioxidpigment nach Anspruch 1, da- 
durch gekennzeichnet, daft die Menge des 
wasserhaltigen Oxids von Zirkon mindestens 0,5 
Gew.-% betragt, ausgedruckt als ZrO z bezogen 
auf Gewicht an Ti0 2 , und vorzugsweise 1 bis 4 
Gew.-% des Gewichtes von Ti0 2 . 

3. Titandioxidpigment nach Anspruch 1 oder 2, 
dadurch gekennzeichnet,.dafc das dichte amorphe 
Silika in einer Menge von mindestens 2 Gew.-% 
vorhanden ist, und vorzugsweise von 4 bis 8 
Gew.-% ausgedruckt als Si0 2 bezogen auf 
Gewicht an Ti0 2 . 
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4. Titandioxidpigment nach Anspruch 1, 2 Oder 
3, dadurch gekennzeichnet, daft die auBere 
Schicht von wasserhaltigem Aluminiumoxid in 
einer Menge von 1 bis 3% vorhanden ist, ausge- 
druckt als Al 2 0 3 bezogen auf Gewicht an Ti0 2 . s 

5. Verfahren zur Herstellung eines 
beschichteten Titandioxidpigments umfassend: 

Abscheiden einer inneren Schicht eines dichten 
amorphen Silikas aus einer waBrigen Losung 
eines wasserloslichen Silikats bei einem pH von iq 
groBer 8 auf einem Kern von teilchenformigem 
Rutil-Titandioxid in einer Menge von bis zu 12 
Gew.-%', ausgedruckt als Si0 2 , bezogen auf 
Gewicht an Ti0 2 ; 

Behandeln der inneren Schicht mit einem is 
wasserhaitigen Oxid von Zirkon, um eine 
zwischenliegende Schicht auf der inneren Schicht 
zu bilden in einer Menge von bis zu 5 Gew.-%, 



ausgedruckt als Zr0 2 bezogen auf Gewicht an 
Ti0 2 ; und 

Abscheiden von wasserhaltigem Aluminium- 
oxid aus einer wasserloslichen Aluminium- 
verbindung auf dem Pigment nach Abscheidung 
des wasserhaitigen Oxids von Zirkon in einer 
Menge von bis zu Gew.-%, ausgedruckt als Al 2 0 3 
bezogen auf Gewicht an Ti0 2 . 

6. Verfahren nach Anspruch 5, dadurch gekenn- 
zeichnet daft das Kernmaterial vor der 
Bescichtung mit dem dichten 8morphen Silika 
gemahlen wird. 

7. Verfahren nach Anspruch 5 oder 6, dadurch 
gekennzeichnet, daft wahrend der Abscheidung 
des dichten amorphen Silikas die Temperatur bei 
einem Wert von 60°C bis 90°C gehalten wird und 
der pH bei einem Wert von 9 bis 10,5. 
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